Using a radioligand assay, which preserves the natural form of the antigen, antibodies against Borna disease virus nucleoprotein and phosphoprotein were detected in 11 and 19 sera of 171 psychiatric patients, respectively. Compared with results by Western blotting, three and nine sera were concordantly positive, respectively. The four sera showing the highest levels of antibodies by radioligand assay were all negative by Western blotting; however, dilution and inhibition tests supported the positive results. Our results suggest the importance of conformational structure to detect human anti-Borna disease virus antibodies.
Since antibodies against Borna disease virus (BDV) were found in human mood disorders in 1985 (1, 17) , the role of BDV in human neuropsychiatric diseases has been investigated by means of seroprevalence (2, 18) , detection of viral RNA from peripheral blood (6, 10) , and examination of cerebrospinal fluids (3, 8) or autopsied brains (7, 14) . However, such study has not yet established the role of BDV for human diseases (13, 16) . One reason might be the lack of a reliable diagnostic system, because of the difficulty of detection of human anti-BDV antibodies compared to other animals (13) , and the possible existence of the virus hidden in the central nervous system. To detect anti-BDV antibodies, indirect immunofluorescent antibody assay (2, 4) , Western blotting (9, 15) , enzyme-linked immunosorbent assay (5, 11) , electrochemiluminescence immunoassay (19) , and T-cell proliferative response (10) have been employed, and yet disagreement remains to some extent among the results (10, 13) . On the other hand, detection of BDV RNA from peripheral blood has been reported to be unreliable unless contamination of cDNAs in the laboratory is strictly excluded (13) . Therefore, the establishment of a sensitive and specific method to detect anti-BDV antibodies is keenly needed to clarify the significance of BDV in humans.
Radioligand assay is highly sensitive and specific because it uses conformational antigens, and its validity has been recognized for several autoantibodies in comparison with another method (12, 20) . In this study we measured anti-BDV antibodies by radioligand assay, and the results were compared with those by Western blotting.
Subjects. All samples were taken from patients of the Department of Psychiatry, Osaka General Medical Center (Table  1) . This research was approved by the Center's Ethical Committee, and written informed consent was obtained from the patients. Forty-one healthy controls were included in this study. Serum from a BDV-infected rat as well as mouse monoclonal antibodies to BDV nucleoprotein (p40; BDV-N) and phosphoprotein (p23; BDV-P) were also examined. As a standard, a "normal pooled serum" was obtained by pooling sera from 20 other healthy subjects.
Methods. To make radiolabeled antigens, the open reading frames of BDV-N and -P were obtained by reverse transcription-PCR (RT-PCR) amplification using BDV-N and -P expression vector originated from viral strain H1766 preserved in Madin Darby canine kidney cells as a template. Primer pairs were as follows. BDV-N: 5Ј-CGGGATCCATGCCACCCAA GAGACGCCTGG-3Ј and 5Ј-CCGCTCGAGCTAGTTTAG ACCAGTCACACC-3Ј; BDV-P: 5Ј-GGAATTCATGGCAAC GCGACCATCGAGTCT-3Ј; and 5Ј-CCGCTCGAGTTATG GTATGATGTCCCACTC-3Ј (a BamHI, an EcoRI, and a XhoI site are underlined). PCR was carried out using KOD-plus (TOYOBO, Osaka, Japan) as a DNA polymerase. cDNA was digested with a BamHI or an EcoRI and a XhoI and ligated into the pET28a(ϩ) expression vector (Novagen, Madison, WI , and four human sera with the highest indices from psychiatric patients (C and D). Inhibition tests were performed using the same four human sera for anti-BDV-N (E) and -P (F) antibodies and a negative human serum (E). precipitated labeled protein was counted in 1450 MicroBeta (Perkin Elmer, Wellesley, MA). All samples were measured in duplicate. The intra-assay coefficient of variation varied from 4.3 to 6.0%, while the interassay coefficient of variation ranged from 5.7 to 9.4%. The normal pooled serum was tested in every assay in quadruplicate, and the results were expressed as "anti-BDV-N index" or "anti-BDV-P index" by calculating (cpm of the sample serum)/(cpm of the normal pooled serum). In Western blotting, recombinant full-length BDV-N and -P fused with glutathione S-transferase ([GST]-BDV-N and -P) expressed by Escherichia coli (15) were used for antigens. The original BDV strain was the same employed to make recom- Results and comments. In radioligand assay, the serum of BDV-infected rat, as well as mouse monoclonal antibodies, indicated relevant dilution curves at very high dilution rates (Fig. 1A and B) . Four human sera with the highest indices, three of which showed positive for both BDV-N and -P and one only for BDV-N, also showed relevant dilution curves (Fig.  1C and D) . In inhibition test, the same four sera showed a considerable decrease when absorbed by the corresponding antigens, while only a slight decrease was observed when absorbed by control antigen unrelated to BDV (Fig. 1E and F) . The antibody indices for BDV-N and -P of the human samples are shown in Fig. 2 . In order to confirm the positive results and decide appropriate cutoff values, an easy dilution test was performed for samples with indices above mean plus two standard deviations (SD) of healthy controls; i.e., 3, 2, and 1 l of sera per well were applied in duplicate, and the sera were judged positive when a constant and considerable decrease of the indices was observed. As a result, appropriate cutoff indices were found at 2.03 (mean plus 4 SD of healthy controls) for BDV-N and at 1.36 (mean plus 2 SD) for BDV-P. Eleven (6.4%) and 19 (11%) of 171 psychiatric patients showed a positive reaction for BDV-N and -P, respectively (Table 1) . Four sera showed positive for both, therefore 26 of 171 psychiatric patients (15%) showed positive results for at least one of the proteins. One of the 41 healthy controls showed positive for BDV-P, while none of the organic brain disease group showed positive results.
In Western blotting, BDV proteins not fused with GST should be more advantageous than fused proteins to obtain specific results; however, we could not employ unfused proteins because the reaction against BDV-P was extremely reduced when GST was removed. In order to minimize their cross-reactivity to GST, sera were preabsorbed with recombinant GST, and the results of fused proteins were compared with those of GST alone. In some sera, anti-BDV antibodies could not be assessed because of a strong reaction against GST. Dilution testing constantly showed reasonable results, but inhibition test results were variable (Fig. 3) . Most of the sera examined showed some absorption, but the rest showed only little absorption. However, some of them were absorbed when the dilution ratio or the amount of antigen for absorption was changed (data not shown). Mouse monoclonal antibodies showed a strong reaction in Western blotting (Fig. 3) . The serum of BDV-infected rat was not examined using this method, but it reacted against BDV-N and -P separated with GST (data not shown). Positive results for [GST]-BDV-N and -P were found in 14 (8%) and 26 (15%) of 171 psychiatric patients, respectively (Table 1) , and only one patient showed positive for both antigens. Overall, 39 of 171 psychiatric patients (23%) were positive for at least one antigen. None of nine organic brain diseases showed positive reactions. Healthy controls were not examined by Western blotting.
Comparing the results between the two methods, three and nine sera were concordantly positive for BDV-N and -P, respectively ( Table 1 ). The positive cases by radioligand assay are shown in Table 2 with the results of Western blotting.
The major difference between the two methods may be caused by the form of the antigen. In radioligand assay, antigens are produced in a rabbit reticulocyte lysate system in a way similar to in vivo synthesis without any additives; because the refinement procedure is very simple and the reaction is performed in the liquid phase, the conformational structure should be preserved. In Western blotting, the antigen is fused with GST, denatured into a linear structure, and fixed on the membrane.
Surprisingly, the four sera with the highest indices in the radioligand assay were all negative in Western blotting. The results of dilution and inhibition tests in radioligand assay for these sera (Fig. 1 ) strongly supported the specificity of the results. Because a conformational epitope is formed by two or more discontinuous peptides, it is reasonable that conformational antibodies cannot be detected by Western blotting. Our results suggest the absolute importance of conformational structure for detection of anti-BDV antibodies. This might explain in part the disagreement in results among several methods. Yet the question remains as to why, under Western blotting, the four sera with the highest indices showed negative but some sera with lower indices showed positive. One possible speculation is as follows: if the sera recognized only a single or a few epitopes in each BDV antigen, and if the epitopes recognized were all conformational, the sera would be negative under Western blotting. In addition, if the conformational antibodies had a higher affinity than the linear ones, they could be produced or bind to the antigens more effectively, resulting in higher indices.
Eleven and 17 sera for BDV-N and -P, respectively, were positive in Western blotting but not in radioligand assay. One of the factors for this disagreement may be low specificity of Western blotting due to anti-GST antibodies or nonspecific binding against proteins with the same molecular weight. A second factor might be lowered sensitivity of radioligand assay due to the 1:50 dilution ratio. For BDV-P, all sera above mean plus 2 SD of healthy controls proved positive in an easy dilution test, and this was settled as the cutoff value. Therefore, some positive sera may have been included below mean plus 2 SD. The third factor might be the location of the epitope.
Although major epitopes should be located on the surface of the antigen, epitopes located inside the antigen or in the inner part of oligomers would not have been detected by radioligand assay but could have been by Western blotting, unless conformational. The fourth factor for positivity in blotting but not the assay might be the class of the antibody. Recombinant protein G used in radioligand assay binds specifically to IgG, while anti-human IgG (HϩL) used in Western blotting detects not only IgG but also IgM and IgA because light chains are common to them all.
Our results by radioligand assay indicate the importance of conformational structure to detect human anti-BDV antibodies. The additional advantage of this assay is quantitative, including its high throughput. This method may have the potential to become a useful tool for the diagnosis of BDV infection.
